This report presents a statistical study of WPT-03, a text corpus built from the pages of the "Portuguese Web" collected in the repository of the tumba! search engine. We give a statistical analysis of the textual contents available in the Portuguese Web, including size distributions, the language of the pages, and the terms they contain.
Introduction
This study provides a statistical analysis of the textual contents on the Web page repository of the tumba! search engine [15] . More specifically, the source of information is the text extracted from a collection of documents from the "Portuguese Web", during the first semester of 2003. This roughly comprises all the pages hosted under the .PT top level domain (TLD), and other pages written in Portuguese and hosted in other TLDs (excluding .BR because most of these pages are also written in the Portuguese language).
The information presented in this study is of interest for the characterization of the textual contents of the Portuguese Web, as well as for future work within the scope of project tumba!. It is complemented by another report which provides statistics on the structure of the Portuguese Web [6] .
The textual corpus is named WPT-03 and it is distributed by Linguateca (a resource center for the the processing of the Portuguese language -http://www.linguateca. pt) to researchers in the area of Natural Language Processing (NLP). For more information about the availability WPT-03, see the corresponding Web page at http: //xldb.fc.ul.pt/linguateca/WPT_03.html.
The rest of this report is organized as follows: The next Section describes the WPT-03 corpus. In Section 3, we give statistics of the data in the corpus of web documents. Finally, Section 4 presents some conclusions.
Contents of the WPT-03 Corpus
The source of information for our study is a corpus of Web pages retrieved by the crawler of the tumba! search engine [5] . This snapshot of the Portuguese Web includes, for the most part, documents of types HTML and PDF, hosted in the .PT domain or written in Portuguese and hosted in the .COM, .NET, .ORG, or .TV domains.
The data was harvested and processed using the components from the XMLBASE Web database software, which includes the crawler, a Web content analyzer and a repository -see the project Web page at http://xldb.di.fc.ul.pt/index.php? page=XMLBase.
Figure 1: Overview of the XMLBase Framework
WebCAT is the tool responsible for parsing and analyzing the Web contents [8] . Among other things, it performs document format conversion, text extraction, and meta-data extraction. Both the original documents and the corresponding "textual versions" are maintained in Versus, a data repository for Web information [3] . All statistics are based on the corpus formed by the text documents stored in Versus.
The repository also contains meta-information about the documents, including for example the size, storage date, and language properties. Since there is no way of knowing the language in which the documents extracted from the Web were written, an automatic tool to perform this task had to be developed. This language "guessing" component is based on a well-known n-gram analysis algorithm [4] , together with heuristics for handling Dublin Core meta-data (which may or not be available in the documents). In a controlled study, the algorithm presented a precision of about 91% in discriminating among 11 different languages [7] .
A problem we faced concerns files in the PDF format -although most of the documents can be converted into plain text, the conversion tool sometimes fails in extracting the text, producing garbage as output instead of terminating with an error. Filtering this situations can be very hard. We currently exclude most of these faulty documents using a simple filter, which looks at the first characters of the file. However, this is not a perfect solution and many "garbage" documents are still included in the corpus.
Many of the presented statistics count "terms". We adopted a definition of "term" similar to that given by the Berkeley elib project -see the corresponding Web page at http://elib.cs.berkeley.edu/docfreq. According to it, terms are the sequences of the characters: All other characters are regarded as term breaks. We differ from this definition in the way we handle hyphens. It is considered as a valid character of a term, when the next character is one of a-z or A-Z, in order to account that hyphens are essential characters in Portuguese, whereas in English they are mere punctuation marks (note that we still consider them as punctuation marks if they are not immediately followed by an alphabetic character). The definition of "term" adopted in this study includes therefore all sequences of the following characters:
• a-z, A-Z, 0-9;
• ASCII 45 (= "-");
• ASCII 150-160, 170, 181, 186, 192-214, 215-246 and 248-255.
Statistics of the WPT-0Corpus

Document Statistics
The Portuguese Web snapshot analyzed in this study has 3775611 documents, collected between the 21st of March 2003 and the 26th of June 2003. Of these documents, about 68.6% (2590641 documents) are written in Portuguese. Figure 2 shows the distribution of document sizes measured in the number of terms. As in other corpora, the number of small documents is much higher and we conjecture that the distribution is identical. The distribution naturally follows Zipf's law [17, 11] , as shown by the displayed trend-line. Table 2 gives the total number of terms, the number of distinct terms, and the average and median number of occurrences of each distinct term. In order to abstract from differences in capitalization, all characters were converted into lower case before computing these statistics. Table 2 : Number of terms
Term statistics 3.2.1 Number and frequency of individual terms
The document frequency for terms, i.e., the number of documents in which a certain term appears (disregarding the number of occurrences in the document) is another important statistic. Since a substantial part of the documents are written in foreign languages, it is interesting to get some statistics for the terms occurring only in documents written in Portuguese. We therefore computed the frequencies considering both the full corpus and only the pages written in Portuguese. Table 3 lists the 25 most frequent terms occurring in the corpus. Frequency is measured both in terms of the total number of term occurrences and document frequency, respectively. Most terms occurring in this list are candidate stop words in information retrieval systems for the Portuguese language.
Term size
We analyzed the average number of characters per term, regarding all terms occurring in the corpora and regarding all distinct terms. Additionally, we give the median and standard deviation. Once again the analysis is two-fold, with respect to all documents in the corpus and restricted to documents written in Portuguese. Results are given in Table 4 . Table 4 : Term size Figure 3 shows the distribution of term size (regarding all terms of the corpora). Approximately 99% of the terms are shorter than 15 characters, and a major part of those longer than 15 characters are due to "garbage" in the corpus and the problem of extracting the text from PDF files mentioned above.
E-mail addresses, numbers and hyphen statistics
To improve the search engine's handling of queries, it was interesting for us to analyze the frequency of things like e-mail addresses or numeric terms.
Numeric terms, as the name suggests, consist solely of numeric characters. As for e-mail addresses, they are of the form X@X.X, where X stands for a non-empty alphanumeric sequence plus the characters "-" and "_" (See the Internet RFC822 -Standard for the format of ARPA Internet text messages). Although each e-mail address counts as several terms in all other statistics (the separators are seen as punctuation), here they are seen as atomic units.
Finally, hyphenated words are terms where one character is a hyphen, as defined Counting hyphenated terms is important as, depending on their frequency, it may be more interesting for the search engine to consider them as separated sequences of terms. Table 5 shows the number of occurrences, the average number of occurrences for each distinct term in the collection, and the average size (in number of characters) of e-mail addresses, numeric terms and terms containing hyphens. The weighted average size also refers to the number of characters, but considering the number of all occurences, instead of only the distinct ones. Table 5 : Special terms
Morphology of the terms
In order to get an idea of the morphology of the terms occurring in the corpus, we used the jspell [16] morphologic analyzer. This allowed us to relate base forms of words to inflected variants, and find out which syntactic categories the terms in the corpus belong to. After excluding all terms containing numeric characters, we obtained 1884932 distinct terms (regarding only the Portuguese documents). 429937 of these can be analyzed morphologically using jspell. To reduce ambiguity, we only accept a solution if the lemma resulting from undoing inflection is contained either in the WPT-03 corpus itself, or in the CetemPublico corpus (see Section 3.3).
Of the 429937 terms that can be analyzed, 179778 (41.81%) are unambiguously analyzed as both nouns and adjectives, 137270 (31.93%) as verbs, 13932 (3.24%) as adjectives and 10322 (2.40%) as nouns. Furthermore, 71321 (16.59%) terms are ambiguous between verb and noun/adjective, 7117 (1.66%) between just noun and noun/adjective and 2342 (0.54%) between adjective and noun/adjective. 7855 (1.83 %) terms are ambiguous in other respects.
In the future, we plan on using other tools to enhance the morphology analysis in WPT-03, such as the PALAVROSO morphologic analyzer [9] or a good parts-of-speech tagger trained for the Portuguese language [1, 2] .
Inter-corpora Statistics
This Section provides statistics comparing the tumba! corpus against CetemPublico [13, 12] . In the future, we plan to cross WPT-03 with other available corpora of Portuguese text, giving a more extended analysis.
CetemPublico
To measure the coverage of the dictionary used for spelling correction in tumba!, we analyze the appearance of terms in the corpus that are contained in the spelling dictionary. As the dictionary contains all the terms that appear in the CetemPublico corpus, this statistic not only provides information about correctly spelled terms, but also about the overlap of the CetemPublico and the tumba! corpora. Note that the correction of the terms can not be 100% assured, as the CetemPublico corpus used to build the spelling dictionary contains itself errors.
A substantial part of the terms differ only by the use of accents (i. e., replacing for example á by a). For that reason, in the statistics that compare these corpora, we provide on Tables 6 and 7 two result sets: one considering accented characters, and the other ignoring them. The meaning of each line on both tables is as follows:
#WPT-03 terms in CP (distinct) indicates the number of distinct terms in the WPT-03 corpus that also occur in the CetemPublico corpus; the percentage represents how many of the distinct terms of WPT-03 also appear inside the CetemPublico corpus.
# CP terms in WPT-03 (distinct) indicates the number of distinct terms in CetemPublico that also occur inside the WPT-03 corpus; this is the same number as above, but the percentage is slightly different.
# WPT-03 terms in CP (total)
indicates the total number of terms in the WPT-03 corpus that also occur in CetemPublico; the percentage represents how many of all the terms in WPT-03 also occur inside the CetemPublico corpus.
# CP terms in WPT-03 (total) indicates the total number of terms in the CetemPublico corpus that also occur in WPT-03; the percentage represents how many of all the terms in CetemPublico also occur inside the WPT-03 corpus.
Note that whereas almost all of the terms in CetemPublico also occur in the WPT-03 corpus, only 60% of the terms from WPT-03 appear in the CetemPublico corpus. This is, at least partly, due to the amount of documents written in languages other than Portuguese, and also to CetemPublico being much "cleaner", i.e., it contains less terms including numeric characters or "garbage" text. Previous studies have already indicated that while Web corpora have advantages in quantity (more "live" language information, more words and case-frames that newspaper corpus, ...), they are usually a lot noisier [14] .
Postal Codes
Having an idea of the amount of geographic entities that are present in the WPT-03 corpus would be very interesting for us in the context of project tumba!. We used a list of Portuguese postal codes to find out which and how many "geographic" names appear in the text. The list is provided by CTT (Portuguese Post Office) and can be downloaded from http://codigopostal.ctt.pt/pdcp-files/todos_cp.zip. It contains not only postal codes, but also city, street and district names (277980 names of geographic entities overall). In the analysis, we considered all terms in the form XXXX-XXX as postal codes, with X being a numeric character. Tables 3.3.2 and 3.3.2 show the statistics for postal codes occurrences. Near 1/6 of all Portuguese Postal Codes appear in the WPT-03. We can speculate that these are the Postal Codes for areas where many business and commercial entities are located. The amount of CTT postal codes in the WPT-03 that also occur in the CTT database should be 100%, but 17-19% of the Postal Codes in WPT-03 are infact invalid.
Geographic Entities
To have an idea of the richness of WPT-03 on geographical references, we searched the corpus for such information. For this purpose, we did a case-insensitive search on the As many Portuguese geographic names consist of more than one word, we need to group individual terms, in order to provide statistics on the geographic entities identified in the corpus. To locate these entities, we use a simple algorithm that looks at all matches of those geographic names in the "word-grams" from WPT-03.
The total number of geographic entities identified in the corpus using this method is 8147120. The ten most frequent are given in Table 10 , along with the overall number of occurrences. This was only a crude approach to measure the amount of geographic references, and the results are not conclusive. For instance many Portuguese proper names (especially people's names) are also geographic names, and they were identified in this study as geographic references. In the future, we plan on conducting a much more accurate analysis of the occurrence of this information on WPT-03, using specific software for accurate named entity recognition.
Conclusions
We used the tumba! repository to construct a textual corpus from the pages of the "Portuguese Web", denominated WPT-03. The corpus was then analyzed using common statistical techniques from corpus linguistics [10] .
This study was motivated by our interest in finding more about the textual contents of the tumba! repository, including both information about the documents (their size, language, ...) and the terms contained in the documents. With this data we can better model the capacity and the algorithms of the tumba! search engine, and in tandem provide insights to a large corpus in natural language that are of interest to other researchers.
Specially interesting is comparing WPT-03 with several other corpora made available through Linguateca. WPT-03 contains the more or less colloquial language found on Web pages, whereas the Linguateca corpora have mostly the more formal language found in newspaper articles.
It will also be interesting to repeat this study regularly and track the evolution of the data -most probably the most frequent terms (apart from function words, of course) will change over time. The study could also be carried out using different sub-corpora, in order to find differences and similarities for different Web "communities".
Finally, a complementary study on the logs for the queries submitted to tumba! would also be very useful, in order to understand the way Portuguese users search for information on the Internet, and if the information they are looking for is widely available or not.
